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Itudies  on  the  Post-harvest 
ihysiology  and  Handling  of  Strawberries 

MORRIS  INGLE 

(EVERAL  STUDIES  (4,  5,  8)  have  shown  strawberries,  one  of  the 
'■most  perishable  fruit  crops,  have  a  considerably  higher  respiration 
•jg  than  such  fruits  as  citrus,  apples  and  peaches.  As  the  marketing  of 
ifiwberries  shifts  from  roadside  and  local  markets  to  large  retail  outlets 
larban  areas,  the  time  between  hai-vesting  and  final  sale  increases.  More 
lla  on  the  post-harvest  physiology  and  behavior  of  strawberries  is  re- 
lired  in  order  to  devise  better  methods  for  maintaining  commodity 
[jility  and  reducing  losses  in  marketing  channels.  With  the  exception  of 
(dies  in  Cahf ornia  (6,7)  relatively  little  work  has  been  done  on  straw- 
i(ry  fruit  physiology  in  the  last  twenty  years,  and  it  was  felt  that  data 
i|-e  needed  on  varieties  now  produced  in  the  eastern  United  States,  in- 
ning West  Virginia.  With  the  development  of  newer  methods,  fruit 
BDiration  can  be  measured  more  accurately  and  under  more  physiologi- 
t  conditions  than  was  possible  in  most  of  the  earlier  studies. 

Ithods 

I  Most  of  the  samples  of  fruit  were  obtained  from  tlie  University  Farm 
Morgantown.  Fruits  were  obtained  from  plants  grown  by  the  matted 
i  method.  Fruit  from  a  commercial  planting  located  60  miles  from  the 

)ratory  was  used  in  some  of  the  temperature  management  studies. 
Jiroximately  two  hours  were  required  to  transport  this  fruit  to  the  lab- 

oiy. 

After  arrival  at  the  laboratory,  the  fruit  was  carefully  examined  and 

led  to  remove  misshapened  and  diseased  fruits  and  to  eliminate  fruits 

xtreme  sizes.  When  maturity,  or  stage  development,  was  to  be  studied 
Its  were  usually  graded  into  four  categories,  based  on  the  proportion 

he  fruit  surface  colored  red  -0-25%,  26-50%,  51-75%  and  76-100%.  Tlie 
category  represents  commercial  ripeness.  Weighed  samples  of  tlie 
were  placed  in  glass  jars  which  were  used  as  respiration  chambers. 

se  were  supplied  with  air  from  flowboards  similar  to  those  originally 

I'ribed  by  Claypool  and  Kiefer  (3),  which  provide  a  known  constant 
of  airflow.  The  flow  rate  depended  on  tlie  method  of  carbon  dioxide 

ysis,  but  was  always  great  enough  to  maintain  a  carbon  dioxide  con- 

j  ration  of  less  than  0.5  per  cent. 
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At  the  consliision  of  respiration  and  management  experiments,  fnj 
were  sorted  and  classified  as  marketable  and  non-marketable.  To  ma) 
tain  uniformity  between  e.vperiments.  this  operation  was  perfonned ' 
one  worker.  Fruits  which  showed  fungal  growth,  excessi\  e  softness,  • 
cessive  darkening  of  bruised  areas,  shri\eling,  or  loss  of  color  from  I ' 
calyx  were  classified  as  immarketable.  . 

Respiration  rates  were  determined  daily  as  carbon  dioxide  prod 
tion.  The  carbon  dioxide  concentration  in  the  air  stream  lea\  ing  the  i 
piration  jar  was  determined   either  by  gas-liquid  partition   chri 
raphy  (silica  gel  column  and  thermal  conducti\it\'  detector)  or  !> 
red  analysis   (LIIL\-cell)   and  respiration  rates  were  calculatid 
CO."Ag/iir. 

Results 

Tlie  relationship  between  temperature  and  the  rate  of  str.i 
fruit  respiration  is  showTi  in  Figure  1,  which  is  topical  for  man\ 
ments  conducted  over  several  years.  At  2'  and  7'  C  the  rate  is  ne.r 
stant  for  about  ten  days,  perhaps  showing  a  slight  increase  dm 
last  three  days  of  the  experiment.  Increasing  the  temperature  h" 
12°  C  about  doubled  the  respiration  rate,  which  remained  essenti.i 
stant  for  four  days.  After  that  time  decay  and  breakdown  beu.n 
there  was  a  sharp  rise  in  the  respiration  rate.  Respiration  measuri; 
were  continued  until  the  ele\enth  da\'  after  harvest  e\en  though  it  4 
obvious  that  essentialh'  all  of  the  fruit  had  become  unmarketable  by  j 
end  of  tlie  sixth  day.  During  the  period  of  decay  the  respiration  m 
tended  to  increase,  but  was  erratic.  .\t  20'  C  the  respiration  rate  ^^a' ;,; 
five  times  higher  than  at  2     C  and  increased  rapidly,  .\fter  fi\  < 
breakdown  and  infection  by  fungi  were  extensi\e  and   the  resi 
measurements  were  terminated.  Other  samples  held  for  more  than  ! 
days  at  20"  C  sometimes  sliowed  a  decline  in  CO:  production,  c-oin' ' 
with  \-isual  indications  of  breakdown. 

The  respiration  of  fruits  apparently  at  the  same  stage  of  rip' 
not  constant,  but  \aries  between  samples  picked  at  different  tinn^ 
1  shows  rate  of  CO:;  production  for  se\eral  samples.  Ob\iously  ' 
considerable  \ariation  between  samples.  It  is  quite  likely  that  tln- 
tion  is  related  to  en\ironmental  conditions  before  and  at  harvest, 
detailed  data  were  collected  on  this  relationship.  It  also  must  be  p<»j 
out  that  the  sage  of  de\elopment  was  estimated  visually  by  arli'* 
criteria,  and  different  lots  of  fruit  probably  were  ver>-  different  ; 
logically.  The  respiration  data  clearly  indicated  these  differences. 

From  these  respiratory-  data  it  is  possible  to  obtain  the  respif' 
quotient  (Qi)  for  strawberr\-  carbon  dioxide  production.  It  must  b' 


TABLE  1 

;i  irafion  Rates  for  Various  Samples  of  Strawberries  Harvested 
in  75%  Red  or  Pink  (Commercially  Ripe).  CO.  Production  on 
First  Day  after  Harvest. 


Jarvest  date 

Temperature 

3°C 

7°C 

12°  C 

20°  C 

34     

.     33.4 
.     11.3 
.     17.3 
.     22.2 
.     60.1 
.     25.0 

mg  COVkg/hr. 
25.3                         55.3 
11.1                         41.2 
24.3                         42.8 

83.3 

34     

87.6 

35    

36     

84.4 
171.8 

ie    

198.8 

)6 

169.0 

i  that  this  is  variable  and  changes  with  time  after  harvest.  Referr- 
^  Figure  1,  the  Qm  appears  to  be  three  on  the  first  day  after  harvest 
eihe  range  2-12°  and  nearly  three  over  the  range  of  7-12°  C.  The  ratio 
d  rates  at  20°  C  to  tliose  at  2°  is  5.8  on  tlie  first  day  after  hai-vest  and 
cr'ses  to  9.2  on  the  third  day.  This  change  is  ascribable  to  the  rapid 
crt'se  in  the  rate  of  C0=  production  at  20°  C.  Tlie  ratios  between  the 
te;it  12°  and  2°  C  changes  less  dramatically  from  3.0  on  the  first  and 
ircdays  to  5.2  on  the  sixth  day.  Qi^  values  have  been  found  to  range 
m'l.Q  to  4.0. 


EL\TIONSHIP  BETWEEN  STAGE  OF  DEVELOPMENT 
\ND  RATE  OF  RESPIRATION 

rawberries  will  continue  to  develop  color  after  harvest  (1,  9),  and 
la  icen  suggested  that  the  storage  and  shelf  life  of  strawberries  might 
e  nded  by  hai-vesting  them  at  an  earlier  stage  of  color  development 
I  a  i  commonly  done  at  present.  The  respiration  of  strawberries  har- 
^te.  at  four  stages  of  development,  as  determined  by  the  proportion  of 
•  sface  colored  pink  or  red,  was  followed.  Data  from  a  few  experi- 
■ni  are  shown  in  Table  2. 

some  experiments,  such  as  the  fiiiit  harvested  on  6/2/65,  fruit 

1  H'  least  and  most  amount  of  surface  color  had  lower  respiration 
'  s  lan  fruit  with  intermediate  amounts  of  color.  Tliis  was  not  always 
'■■  )\\'ever,  as  is  shown  for  two  other  han'ests  (6/4/65)  and  5/29/64). 

1  om  Figure  2  it  appears  that  the  rate  of  respiration  increases  as  the 
it  ecomes  redder  up  to  the  stage  of  commercial  "ripeness,"  after 
lelthe  rate  decreases.  The  less  colored  fruit  (Classes  1-3)  showed  a 

ly  onsistent  increase  in  respiration  over  a  six-day  period  at  12°  C.  Tlie 

5 


3  5  7  9 

DAYS  AFTER  HARVEST 
FIGURE   1.   Respiration   rate   of  ripe    (color  4)    strauherries  at 
tem))erafures. 

rates  of  classes  1-3  were  M-n-  similar  during  the  last  four  days.  I 
piration  of  riper  fruit  (Class  4),  lio\\e\er.  increased  for  some  fi' 
and  then  declined.  Fniits  liar\ested  when  incompletely  colored  w ' 
firm  and  sound  after  eight  days  at  12  C.  while  the  fniit  which  \- 
vested  when  commercially  ripe  had  become  deep  red  in  color 
finish.  ver>-  soft,  and  showed  fungal  contamination  and  breakdowi 
Although  fniits  harvested  with  .50-75  per  cent  red  color  ' 
slightly  higher  rate  of  respiration  than  more  highly  colored  fruits,  '■ 
pears  that  they  can  be  kept  in  storage  for  a  longer  period  of  time< 
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CLASS  2 
CLASS  4 


HARVESTED  JUNE  4,  1965 

CLASS  1  0-25%  of  surface  red  or  pink 

CLASS  2  25-50%  of  surface  red  or  pink 

CLASS  3  50-75%  of  surface  red  or  pink 

CLASS  4  75-90%  of  surface  red  or  pink 


3  4  5  6 

DAYS  AFTER  HARVEST 

WRE  2.  Rate  of  respiration  of  strawberry  fruits  after  harvest  at  four 
'a^s  of  development. 

TABLE  2 
varbon  Dioxide  ProducHon  24  Hours  after  Harvest  at  12°. 


Maturity^ 

larvest  date 

1 

2                               3 

4 

2!'34     

,     71.3 

.     27.8 

.  .     52.5 

mg  CO=/kg/hr. 
55.9                         45.9 
62.5                         54.3 
55.8                       56.7 

83.3 

: 35     ... 

42.4 

'35     

78.3 

:iass  1,  0-25%  red;  Class  2,  26-50%  red;  Class  3,  51-75%  red;  Class  4,  76-lOOS 


deteniiim'  it  tlic  ((uality  of  fruit  wliicli  coIdiicI  after  liarxcst  was  diffc-r 
from  fruit  liar\'ested  at  the  customary  stage  of  de\'elopment,  solul 
solids  and  pH  of  juice  were  determined  (Table  3  and  3A  ).  In  one  expt 
ment,  fruits  in  Classes  2,  3,  and  4  were  harvested  on  the  same  date  a 
held  for  eight  days  at  2°  C.  At  the  end  of  that  period.  90  per  cent  of 
the  fruits  were  still  sound  and  had  sufficient  c<ili)r  tor  marketing. 

TABLE  3 

Percentage  Soluble  Solids  and  pH  of  Fruits  Harvested  at  Diffen 
Stages  of  Development.  Data  Taken  after  8  Days  Storage  at  2° 

Color  class  %  Soluble 

at  harvest  pH  solids 

Midway 

2  3.35  5.08 

3  3.42  5.19 

4  3.58  5.47 

Surecrop 

2  3.27  5.52 

3  3.38  5.99 

4  3.45  6.32 

'Soluble  solids  at  harvest  in  fruit  harvested  ripe  were  5.21X  for  Midway 
6.05%  for  Surecrop. 

TABLE  3A 

Percentage   Soluble   Solids   of    Fruits    Harvested    at    Different   Staj 
of  Development. 


Initial 

Soluble  solids 

%  Soluble  sol 

Color  class 

soluble 

after  storage  at 

after  storage 

at  harvest 

solids 

22°   until  fully  red 

2°   until  fulljr 

2 

6.25 

5.77 

6.59 

3 

6.66 

6.75 

6.64 

4 

6.60 

6.73 

In  another  experiment  soluble  solids  were  determined  in  three  clas 

of  fruit  before  and  after  storage  until  100  per  cent  colored. 

Tliese  data  suggest  that  there  are  small  differences  in  soluble  sol 
and  pM  between  fruits  har\ ested  at  different  stages  of  color  dexelopnw 
.\t  lower  temperatures,  earlier  har\ested  fruits  failed  to  develop  IcveL 
soluble  solids  equal  to  fruits  full\-  colored  when  har\ested  but  the  diJ 
cnces  were  small.  Tlie  soluble  solid  content  of  Class  3  and  Class  4  fr 
stayed  constant  or  increased  slightly  when  stored  at  room  tcmperat 
(22°  C)  while  the  soluble  solids  of  Class  2  fruits  decreased  imder  sim" 
holding  conditions. 


HPERATURE  MANAGEMENT 

'Studies  by  Maxie  et  al.  have  shown  that  the  interval  between  hai-vest 
icthe  reduction  in  fruit  temperature  is  critical  in  maintaining  the  qual- 
,  f  (^alilornia  strawberries.  Since  different  varieties  of  strawberries  arc 
It  in  California  and  the  eastern  United  States,  it  seemed  advisable  to 
ii  estigate  this  aspect  of  temperature  management. 

Fruit  was  collected  as  it  was  brought  to  the  field  assembly  point  by 
\  a)  pickers;  flats  of  fruit  that  had  been  harvested  within  the  same 
n  interval  were  obtained.  After  the  fruit  arrived  at  the  laboratory, 
IS  -ts  of  fruit  from  the  trays  were  distributed  into  groups  for  treatment. 
I II  procedure  was  used  to  at  least  partially  reduce  picker  variability.  At 
icin  intervals  after  harvests,  lots  of  fruit  were  placed  in  a  laboratory 
riid-air  cooler  which  operated  at  a  static  head  of  0.5"  water  and  4 
F1  /pound  of  fruit.  \Vith  an  ambient  temperature  of  3°  C,  fruit  tem- 
T  ure  was  reduced  from  22°  C  to  less  than  6°  C  in  two  hours.  After  this 
njthe  fruit  was  stored  at  2°  C  until  evaluated  or  transferred  to  20°  C 
r  I  simulated  shelf  life. 

rable  4  shows  data  from  one  of  several  experiments  performed  in 
6|and  1965  with  the  Surecrop  variety.  The  quality  of  the  frait,  when 
-a  ated  after  six  days  storage  at  2°  C  and  one  day  at  20°  C  was  not 
'fded  by  the  interval  from  harvest  to  cooling.  In  these  exj^jeriments  the 
tdal  was  only  extended  to  nine  hours  because  it  was  thought  that  in 
IS  cases  the  fruit  could  be  delivered  to  a  cooling  facility  within  that 

.  subsequent  experiment  showed  that  in  some  cases  the  time  from 

=nst  to  cooling  may  affect  fruit  quality.  Table  5  shows  tliat  the  quality 

ecrop  berries  evaluated  after  six  days  at  2°  C  was  not  affected  by 

■lay  in  cooling.  This  is  in  agreement  with  the  experiment  discussed 

je\|iusly;  however,  the  Midway  variety  showed  differences  in  quality 

a^i  to  the  harvest-to-cooling  interval,  and  those  differences  were  even 

'n pronounced  after  a  simulated  shelf  trial  of  three  days. 

TABLE  4 
Hct  of  Cooling  Delay  on  Quality  of  Surecrop  Strawberry  Fruits." 

itejal  from  harvest  Per  cent  marketable  by  weight  after 


banning  of  cooling                                6  days  at  2°  1  day  at  20° 

3  hours                                                       802  92^3^ 

5  hours                                                   95.7  94.3 

7  hours                                                   92.8  95.5 

9  hours  98.6  96.9 

',uit  unmarketable  at  first  evaluation  discarded. 

Iluit  maintained  at  20"  continuous))-  after  liarvest  was  vuimarketablc  t«o  day; 
*  I'rvest. 
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TABLE  5 

Effect  of  Cooling  Delay  on  Qualify  of  Surecrop  and  Midway 

Strawberries. 


Infenal  from  har>est 

to  beginning  of  cooling 

(hrs.) 


Per  cent  marketable  by  weight  after 


4  days  at  2° 


3  days  at 


SurecTop 
91.3 
93.9 
91.7 
92.8 
95.3 

Midway 
92.5 
86.3 
90.2 
83.7 
69.4 


'Fruit  unmarketable  at  first  evaluation  discarded. 

The  data  in  Table  6  also  .suggest  that  earK-  field  heat  removal  j 
portant  in  maintaining  strawbern-  (juality.  In  that  test  cooling 
begun  until  7-13  hours  after  har\est,  and  after  1  day  at  3"  C  and  l'^ 
at  20'  C,  70  per  cent  or  less  of  the  fruit  could  be  classified  as  ma 
Earlier  cooling  times  were  not  used  in  this  test,  but  similar  te 
ducted  a  few  da\s  earlier  with  fruit  from  the  same  planting  sh| 
much  higher  percentage  of  marketable  fruit. 

It  seemed  important  to  deti-rmine  how  subjecting  strawberry 
different   temperatures  would   affect  ijualit)-.   For  tliese   studies] 
mental  lots  were  assembled  as  described  for  the  delayed  cooling  i 
One  lot  was  maintained  continuously  at  room  temperature  (20"  Cj 
lots  were  alternated  between  3    C  and  20"  C.  The  total  holding 
72  hours. 

An  examination  of  the  data  in  Table  6  suggivsts  that  successifl 
posing  stra\\berr\-  fruits  to  relati\ely  low  and  high  temperatures  does^ 
affect  qnalit\-  ad\ersel\-;  rather,  the  total  hours  at  a  gi\en  temperattir' 
the  principal  factor  controlling  fruit  (|ualit\-  after  harxest.  Tri-atmcnt 
Table  6  was  subjected  to  one  more  cooling  and  heating  c\'cle  than  Ir 
ment  3,  but  since  tlie  fruit  in  Treatment  4  was  at  3  C  longer  than* 
fruit  in  Treatment  3,  there  was  more  marketable  fruit  in  Treatment  ■' 
the  end  of  the  experimental  holding  period.  Holding  at  3  C  for  50  j' 
cent  of  the  period  at  least  doubled  the  percentage  of  marketable  fniit(' 
fruit  held  continuoush'  at  20    C. 
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TABLE  6 

feet  of  Alternating  Temperatures  after   Harvest  on   Strawberry 
Fruit  Quality. 


Time  at  .3°  and  20°  C 


Per  cent  marketable 
by  weight 


1  hours  0         12         24         36         48         60         72        Midway        Surecrop 

3° 

0         20°  42,3  25.2 


80         20° 
3° 
■M         20° 
3° 

J6        20° 
3° 


63.9 


84.0 


67.4 


Bars  indiciite  time  interval  fruit  was  held  at  3°  C  or  20°  C. 

PThe  influence  of  alternate  wanning  and  cooling  was  also  studied  by 
Oiparing  the  respiration  of  precooled  with  non-precooled  fruits.  Uni- 
or^  samples  were  cooled  2-5  hours  after  hai"\'est  in  a  laboratory  forced- 
iri'ooler  and  then  distributed  into  respiration  chambers.  Comparable 
aroles  were  held  at  room  temperature  and  placed  in  respiration  cham- 
lei"  at  the  same  time  as  the  precooled  fruit.  Tlie  first  respiration  rate 
iie:urements  were  made  about  eleven  hours  after  hai-vest.  Respiration 
at   are  tabulated  in  Table  7. 


TABLE  7 

Effect  of  Precooling  on  Respiration  Rate  of  Strawberries. 

(Surecrop   Variety) 


litial 

Holding 
temperature 

Hours  after  harvest 

tl 

'tment 

6 

24 

48                72 

96 

Respii'ation 

rate     -  mgCOa/kg/hr. 

iirrecooled 

3' 

38.3 

8.9 

17.6            14.8 

13.1 

re(iled 

3° 

23.2 

12.9 

17.1            16.4 

19.4 

.'oi 

1  recooled 

25° 

104.8 

55.6 

123.1 

le 

-■oled 

25° 

52.7 

58.9 

122.6 
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The  effect  of  precooling  on  respiration  at  tlie  time  of  tlie  first  mtl 
surement  (6  hours)  is  e\ident.  Tlie  non-prec-ooled  fniit  at  3'  C  was  coi 
ing  slowly  and  still  had  a  higher  respiration  rate  than  the  precooled  fn 
at  the  same  temperature.  On  the  other  hand,  the  effect  of  precooling 
respiration  of  fruit  held  at  25    C  was  e\ident  for  se\eral  hours.  Within 
hours,  however,  the  effect  of  precooling  on  respiration  was  dissipa' 
tlie  time  of  the  second  measurement,  the  rates  of  the  precooled  an^ 
precooled  fruit  were  essential!)'  identical.  When  the  samples  held  at  25 
were  examined  three  days  after  har\est,  the  precooled  and  non-precool 
treatments  contained  appro.ximately  equal  amounts  of  marketal>l 
(precooled,  79.1  per  cent  vs.  non-precooled.  76.5  per  cent).  Tlit^' 
would  suggest  that  .short-term  temperature  changes  have  no  appntiul 
effect  on  fnu't  respiration  or  qualit\'. 

METHOD  OF  PRECOOLING 

Based  on  tlie  relationship  between  temperature  and  respiratii 
it  would  he  anticipated  that  rapid  reduction  of  fruit  temperatun 
result  in  liigher  fruit  quality.  Tlie  t\vo  methods  of  precooling  (r.i] 
duction  of  fruit  temperature  )  that  appear  to  be  applicable  to  stra\\ ! 
are  forced-air  cooling  and   hydrocooling.   Tlie   possible   effect   on   li 
qualitN'  is  one  of  the  factors  that  should  lie  considered  in  the  seleclmii 
a  precooling  method. 

Twenty-four  quarts  of  Surecrop  strawberries  were  di\ided  intd  t' 
groups.  One  group  was  cooled  to  less  than  5    C  in  the  ]aborator>'  i 
air  cooler.  Tliis  cooling  retjuired  approximately  two  hours.  Tlii'  - 
group  was  cooled  by  showering  with  water  chilled  to  2'  C  by  a  small  i 
stant  temperature  water  bath  eciuipped  with   mechanical  refrigmi; 
Each  quart  of  fruit  was  cooled  individualK'.  Twelve  to  fourteen  nnm 
were  required  to  reduce  fruit  temperature  to  less  than  5    C.  Each  ij;  , 
was  transferred  to  a  refrigerated  room  as  soon  as  cooling  was  coniplel  | 
The  third  group  was  held  continuoush'  at  25'  C.  After  three  da\s  fr« 
were  classified  as  marketable  or  unmarketable.  All  of  the  fruit  was  helci) 
additional  three  days  at  25    C  and  again  e\aluated.  The  results  of  tl  •' 
evaluations  are  .sliowii  in  Table  S. 

The  method  of  cooling  had  no  effect  on  quality-  of  fruit  after  the  ' 
storage  periods.  There  was  no  indication  decay  organisms  were  tr.' 
ferred  between  containers  in  the  hydrocooler.  It  is  likely  that  the  (inanjj 
of  fruit  in\olved  in  this  experiment  was  too  small  to  lia\e  made  dispoij 
of  decay  organisms  a  problem.  It  was  noted  that  the  fresh  weight  of 'I 
hydrocooled  berries  had  not  changed  after  three  days  in  storage  v\'i 
that  of  the  forced-air  cooled  berries  had  decreased  by  3.3  per  cent  ' 
their  original  weight).  Since  there  was  no  obvious  differences  ii 
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TABLE  8 

Effect  of  Cooling   Method   on   Strawberry    Fruit  Quality. 
(Surecrop  Variety) 

Per  cent  marketable  fruit 
Treatment  Days  after  harvest 

3  6 

;  Forced-air   cooled    94.5  65.3 

|HydrocooIed      94.2  67.5 

Non-cooled    24.7  13.4 

pearance  of  the  two  groups  of  fruit,  this  weight  change  difference  did 
c  appear  to  be  important. 

ihussion 

When  a  fruit  such  as  the  strawberry  is  hai-vested  it  is  removed  from 
iurce  of  water  and  organic  compounds.  As  respiration  continues,  car- 
oydrates  and  perhaps  other  constituents  will  be  degraded.  Extensive 
tization  and  breakdown  of  tissue  components  lead  to  changes  in  struc- 
11  and  appearance  of  the  fruit.  Respiration  is  not  the  only  complex  of 
rcesses  which  occurs  in  harvested  fruits  that  result  in  quality  changes, 
uit  can  be  used  as  a  convenient  index  of  metabolism  because  respira- 
io  is  relatively  simple  to  measure. 
•Respiration,  as  defined  by  carbon  dioxide  production,  is  highly  de- 
e'lent  on  temperature.  Temperature  increments  of  10°  C  have  been 
31  d  to  raise  the  respiration  rates  of  strawberries  as  much  as  fourfold. 
Ti'  would  indicate  that  a  primary  objective  of  any  management  or  hand- 
in' system  for  strawberries  must  be  protection  from  high  temperatures. 
Vile  this  is  true  for  any  perishable  commodity,  it  is  particularly  critical 
or :trawberries  because  of  their  comparatively  high  rate  of  respiration. 
it')w  temperatures  strawberries  may  have  a  relatively  constant  respira- 
io  rate  for  ten  to  twelve  days,  but  at  common  outside  early-summer 
er'jeratures— around  25°  C— the  respiratory  rate  rises  rapidly  after  har- 
es (Figure  1).  Since  the  rise  is  much  less  and  develops  more  slowly  at 
smeratures  of  12°  C  or  so,  relatively  simple  temperatiu-e  management 
ys'ms  would  be  expected  to  materially  retard  strawberry  fruit  deteriora- 
ioi  The  work  reported  in  these  studies  shows  that  o\er  60  per  cent  of 
i"U  stored  at  20°  C  became  unmarketable  after  three  days  while  at  2°  C 
le-  were  no  significant  changes  in  quality  for  ten  days  or  e\en  longer. 

Because  of  the  effect  of  temperature  on  fruit  respiration  and  deteri- 
raDn,  it  would  seem  logical  to  maintain  low  fruit  temperatures  when- 
ce possible.    Temperature   alternations   do   not   accelerate   strawberr\- 
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fruit  birakdown.  Ratlier,  data  reported  lu-rc  and  1)\-  Maxie  ct  al.  (( 
demonstrate  tliat  fruit  quality  is  proportional  to  temperature:  that  isj 
quantity  of  marketable  fruit  after  a  gi\en  holding  period  depends 
the  time  tlie  fruit  is  held  at  a  relatively  low  temperature. 

Fruits  are  sometimes  divided  into  two  groups  (2).  Climatterie  fnii;; 
show  a  definite  rise  in  carbon  dioxide  production  during  the  latter 
of  development.  This  rise  is  usually  associated  witii  color  chanu^ 
cumulation  of  certain  compounds  such  as  sugars,  and  perhaps  soli 
Other  fruits,  termed  non-climacteric,  generallv'  show  a  decreasing  i 
carbon  dioxide  production  as  they  approach  "ripeness"  or  the  edibh 
usually  characterized  by  being  fully  colored.  Strawberries  are  con^ 
to  belong  to  the  non-climacteric  group.  Tlie  data  from  these  studii 
to  confirm  this  concept.  In  some  experiments  samples  contaim'nu 
witli  intermediate  coloring  (maturitv'  Classes  2  and  3)  did  show  a  ' 
rate  of  carbon  dioxide  production  than  samples  with  Class  1  and  4  ■ 
however,  tliis  pattern  was  not  consistent.  The  general  pattern  seems  to  tt 
an  increasing  rate  of  CO:  production  with  increasing  maturity.  Matiiri: 
Class  4  fruits  at  higher  temperatures  (20    C)  show  a  ver\'  rapid  ri- 
ing  the  first  48-72  hours  after  harvest  followed  by  a  decline  of  anmi     . 
per  cent.  At  12"  C  the  rise  is  slower,  lasting  us  to  120  hours.  Less  mahu 
fruit  show  a  rather  gradual  increase  for  6-8  days  with  perhaps  a  slichi  di 
clinc  after  that  time.  Climacteric  patterns  mav'  be  difficult  to  denidi 

in  massed  samples  where  fruits  are  matched  on  the  basis  of  visual  ch 

teristics.  Several  measurements  with  single  fruits  through  thi-  period  i" 
color  development  did  not  show  a  consistent  peak  of  carbon  dioxid>'  "r. 
duction.  Another  characteristic  of  the  climacteric  rise  in  carbon  il 
production  is  an  increased  evolution  of  ethvlene.  In  these  studies  m.r 
tempts  were  made  to  detect  ethylene,  but  only  trace  amounts  wei 
found,  and  then  only  samples  of  over-ripe  fruits  showing  fungal  inli 
The  available  evidence  supports  tlie  conclusion  that  the  stravvben . 
non-climacteric  fruit. 

These  studies  would  suggest  tliat  it  is  feasible  to  harvest  strawljem  ' 
at  an  earlier  stage  of  development  than  is  tlie  present  practice.  Fruits 
maturity  Classes  3  and  4  do  not  differ  greatly  in  soluble  solids  and  pi 
two  characteristics  that  are  important  in  detemiining  fruit  quality.  Und 
unfavorable  transportation  and  marketing  conditions  that  would  indw 
prolonged  holding  at  prevailing  temperatures,  harvesting  when  tin-  '' 
is  60-70  per  cent  colored  may  extend  the  total  marketing  opportum 
two  to  three  days. 

Maxie  ct  al.  in  their  work  with  Caliform'a  strawberries  have  empH 
sized  the  rapid  decline  in  (juality  as  the  time  between  harvest  and  i 
moval  of  field  heat  is  extended.  Their  data  indicate  that  normally  fn 
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i(  Id  be  placed  in  piecoolers  within  three  hours  after  picking.  The 
a 'fits  of  prompt  coohng  were  apparent  even  when  quahty  evaluations 
e:  made  as  soon  as  72  hours  after  harvest.  The  data  reported  in  this 
1  'tin  would  suggest  that  rapid  handling  is  not  so  critical  in  West  Vir- 
n.  I'liere  were  no  consistent  differences  in  quality  of  Surecrop  straw- 
'1  cs  correlated  with  harvesting-to-cooling  intervals  of  two  to  ten  hours, 
re  is  some  evidence  tliat  the  interval  may  be  more  critical  with  tlie 
iva\-  variety,  which  appears  to  deteriorate  more  rapidly  than  Sure- 

0  Tlie  differences  between  the  findings  reported  here  and  those  from 

1  oniia  can  be  attributed  in  part  to  varietal  differences.  Also,  the  pre- 
i  ig  temperatures  in  California  may  have  been  higher  than  they  were 
111  this  work  was  done  in  West  Virginia.  The  present  infonnation 
3ily  indicates  that  early  refrigeration  is  beneficial  at  least  in  maintain- 
gtrawberry  quality. 

Holding  strawberries  alternately  at  low  and  high  temperatures  does 
itiffect  quality  adversely.  Since  the  data  from  these  studies  and  else- 
;i  e  show  that  quality  decreases  in  proportion  to  the  time  at  high  tem- 
aures,  the  use  of  refrigerated  holding  and  transportation  facilities 
0  d  be  used  wherever  available. 
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